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2.1. Material composition analysis 
6DPSOH  DQG6DPSOH  DW WKH ERWK VLGHV RI WKH FUDFN LQ3ODWH  DUH VHOHFWHG WR GR WKH VWHHO FRPSRVLWLRQ DQG
PHWDOORJUDSKLF DQDO\VLV RI WKH VWRUDJH FRQWDLQHU 7KH FKHPLFDO FRPSRVLWLRQV RI WZR VDPSOHV ZHUH PHDVXUHG
DFFRUGLQJ WR WKH VWDQGDUG *%76WDLQOHVV VWHHO'HWHUPLQDWLRQ RI PXOWLHOHPHQW FRQWHQWV6SDUN
GLVFKDUJHDWRPLFHPLVVLRQ VSHFWURPHWULFPHWKRG 5RXWLQHPHWKRG!>@)XUWKHUPRUHZHFRPSDUHG WKHPHDVXUHG
UHVXOWV ZLWK WKH VWDQGDUG *%76WDLQOHVV DQG KHDWUHVLVWLQJ VWHHOV'HVLJQDWLRQ DQG FKHPLFDO
FRPSRVLWLRQ!>@  7KHPHDVXUHG UHVXOWVRI WZRVDPSOHVDQG WKHVWDQGDUGYDOXHVDUHVKRZQ LQ7DEOH7KHVWHHO
&U1LVHOHFWHGE\WKHPDQXIDFWXUHUPHHWVQDWLRQDOVWDQGDUG
7DEOH7KHPHDVXUHGUHVXOWVDQGVWDQGDUGYDOXHVRIWKHFKHPLFDOFRPSRVLWLRQRIVHQGLQJVDPSOHV
(OHPHQWFRPSRVLWLRQV W&ZW W6LZW W0QZW W3ZW W6ZW W&UZW W1LZW
7KHILUVWPHDVXUHPHQWRI6DPSOH       
7KHVHFRQGPHDVXUHPHQWRI6DPSOH       
7KHDYHUDJHYDOXHRI6DPSOH        
7KHILUVWPHDVXUHPHQWRI6DPSOH        
7KHVHFRQGPHDVXUHPHQWRI6DPSOH        
7KHDYHUDJHYDOXHRI6DPSOH        
6WDQGDUGYDOXH       
2.2. Optical microscope analysis of the metallographic organization and crack morphology 
7KHVDPSOHVZHUHSUHSDUHGDQGREVHUYHGDFFRUGLQJWRWKHVWDQGDUG*%70HWDO,QVSHFWLRQPHWKRG
RI PLFURVWUXFWXUH!. ,Q RUGHU WR REVHUYH WKH FUDFN PRUSKRORJ\ DQG LWV H[WHQVLRQ GLUHFWLRQ EHWWHU ZH VHOHFW WKH
LQWHUQDOZDOODQG WKLFNQHVV VHFWLRQRI WKH VDPSOHVFORVH WR WKHFUDFNDV WKHREVHUYDWLRQVXUIDFHV7KHREVHUYDWLRQ
UHVXOWV DUH VKRZQ LQ )LJ 0HWDOORJUDSK\ REVHUYDWLRQ UHVXOWV LQGLFDWH WKDW WKH VWRUDJH FRQWDLQHUPDWHULDO LV WKH
W\SLFDO DXVWHQLWH RUJDQL]DWLRQ JUDLQV DUH JHQHUDOO\ HYHQ DQG WKHUH LV QR RUJDQL]DWLRQ WUDQVIHU FRPSDULQJ WKH
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PHWDOORJUDSKLFRUJDQL]DWLRQRIWKHLQWHUQDOZDOOZLWKWKDWRIWKHH[WHUQDOZDOO2EVHUYDWLRQUHVXOWVDUHVKRZQLQ)LJV
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2.3. Scanning electron microscope analysis of the crack morphology and corrosion characters 
,Q RUGHU WR DQDO\]H WKHPLFURPRUSKRORJ\ RI WKH FUDFN EHWWHUZH REVHUYHG WKH VDPSOHV E\ VFDQQLQJ HOHFWURQ
PLFURVFRSH7KHREVHUYDWLRQUHVXOWVDUHVKRZQLQ)LJZKLFKLQGLFDWHVWKDWWKHVXUIDFHRI6DPSOHDQG6DPSOH
H[LVWVODUJHDPRXQWVRIEUDQFKVKDSHGFUDFNVVKRZQLQ)LJVDEGHFRQVLVWHQWZLWKWKHFUDFNPRUSKRORJ\
REVHUYHG E\ WKH RSWLFDO PLFURVFRSH ,Q DGGLWLRQ REYLRXV FRUURVLRQ SHHOLQJ SKHQRPHQRQ DUH REVHUYHG RQ WKH
VXUIDFHVRI6DPSOHDQG6DPSOHVKRZQLQ)LJVFI
5HDVRQVRIVWUHVVFRUURVLRQFUDFNLQJ
7KHFRUURVLRQ UHVLVWDQFHRIFKURPLXPQLFNHODXVWHQLWHVWDLQOHVV VWHHOFRPHV IURPDFRPSDFWR[LGH ILOPRQ WKH
VWHHOVXUIDFHIRUPHGE\FKURPLXPDQGQLFNHOZKLFKPDNHVWKHVWHHOGHDFWLYDWH7KDWGHFUHDVHVWKHFRUURVLRQVSHHG
RI VWDLQOHVV VWHHO LQ WKH R[LGDWLYHPHGLXP DQG LPSURYHV FRUURVLRQ UHVLVWDQFH SURSHUW\ RI WKH VWHHO+RZHYHU WKH
GHDFWLYDWLRQILOPRQWKHVWDLQOHVVVWHHOVXUIDFHZLOOEHGHVWUR\HGDQGSUHYHQWHGWRIRUPDJDLQLIWKHUHLVWKHFKORULGH
LRQLQWKHKRWZDWHUGXHWRLWVVWURQJDFWLYDWLRQSURSHUW\7KXVLWZLOOKDYHFRUURVLRQGHVWUXFWLRQRQWKHVWDLQOHVVVWHHO




3.1. Internal reason 






FKURPLXPDQGQLFNHODXVWHQLWH VWDLQOHVV VWHHO5HVHDUFKHV VKRZ WKDW WKHFKORULGHEULWWOH UHVLVWDQFHRI WKH VWDLQOHVV
VWHHO LQFUHDVHV ZLWK WKH LQFUHDVH RI QLFNHO FRQWHQW ZKHQ WKH QLFNHO LV PRUH WKDQ  ZKLOH WKH FKORULGH EULWWOH
UHVLVWDQFHRIWKHVWDLQOHVVVWHHOLQFUHDVHVZLWKWKHGHFUHDVHRIWKHQLFNHOFRQWHQWZKHQWKHQLFNHOLVOHVVWKDQ$V
WKH FRQWHQW RI QLFNHO EHLQJ XS WR  WKH FKORULGH EULWWOH UHVLVWDQFH RI 6 VWHHO LV WKH VWURQJHVW ZKHQ WKH
FKURPLXPLVZKHQWKHFKURPLXPLVPRUHWKDQWKHFKORULGHEULWWOHWHQGHQF\RIWKHVWDLQOHVVVWHHOLQFUHDVHV
ZLWK WKH FRQWHQW RI WKH FKURPLXP>@ 7KXV WKH DXVWHQLWH VWDLQOHVV VWHHO ZLWK &U DQG 1L KDV WKHZRUVW
FKORULGHEULWWOHUHVLVWDQFHLQ)H&U1LVWDLQOHVVVWHHO&KRRVLQJWKLVNLQGRIVWDLQOHVVVWHHOLQWKHPHGLXPFRQWDLQLQJ
FKORULGHLRQVLVWKHPDLQLQWHUQDOUHDVRQIRUWKHVWUHVVFRUURVLRQFUDFNRIVWRUDJHFRQWDLQHU
3.2. External reasons 
3.2.1 Corrosion medium 
7KHKRWSXUHZDWHULQWKHVWRUDJHFRQWDLQHULVVLPSO\VRIWWUHDWHGIURPWKHRUGLQDU\FLW\VXSSO\ZDWHU+RZHYHU
WKHVRIWWUHDWPHQWFDQRQO\GHFUHDVHWKHKDUGQHVVRIWKHZDWHUEXWFDQQRWUHPRYHWKHFKORULGHLRQV$GGLWLRQDOO\WKH






E\ WKH LQFUHDVHG VDOW FRQWHQW DQG FKORULGH LRQ FRQFHQWUDWLRQ FDQ EH HIIHFWLYHO\ DYRLG>@ 2WKHUZLVH HYHQ LI WKH
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FKORULGH FRQFHQWUDWLRQ RI WKH HQWHULQJZDWHU LV RQO\ SSP LW ZLOO FRQFHQWUDWH RQ WKH VXUIDFH DQG FDXVH WKH
FKORULGHFRQFHQWUDWLRQRQWKHVXUIDFHZDWHUH[FHHGVWKDWLQWKHHQWHULQJZDWHU
6RPHUHVHDUFKHUVKDYHFRQGXFWHGWKH:LFN&RQFHQWUDWLRQ7HVWLQZKLFKWKHVWDLQOHVVVWHHOLHWKHQDWLRQDO
VWDQGDUG &U1L VWDLQOHVV VWHHO FRUURGHV LQ WKH   FKORULGH LRQ FLUFXODWLQJ ZDWHU VROXWLRQ :KHQ WKHć
FKORULGHLRQFRQFHQWUDWLRQLVDQGSSPWKHVDPSOHVFRUURGHFRPSOHWHO\OHVVWKDQDQG
KRXUV UHVSHFWLYHO\>@0RUHRYHU WKHZDWHU IORZUDWH LQ WKH VWRUDJHFRQWDLQHU LVTXLHW ORZZKLFKHDVLO\FDXVH WKH
FKORULGH LRQV GHSRVLW RQ WKH PHWDO VXUIDFH DQG HYHQ IRUP WKH ³GHDG ZDWHU ]RQH´ 7KLV KHOSV SLWWLQJ DQG VWUHVV
FRUURVLRQ$VWKHKROHRUFUDFNIRUPHGRQWKHVXUIDFHRIVWDLQOHVVVWHHOLVTXLHWVPDOOWKHSRRUH[FKDQJHEHWZHHQWKH
LQQHUZDOO DQG WKH H[WHUQDOZDOO RI WKH KROH RU FUDFNPD\ FDXVH WKH R[\JHQ LQVLGH WKH KROH RU FUDFN LV TXLFNO\
FRQVXPHG7KXVWKHFDWKRGLFUHDFWLRQLVWUDQVIHUUHGWRWKHH[WHUQDOZDOORIWKHKROHRUFUDFNZKLOHWKHLQQHUZDOO
FDQ RQO\ KDYH WKH DQRGLF UHDFWLRQ RI WKHPHWDO GLVVROXWLRQ 7KHUHIRUHPHWDO FDWLRQV FRQFHQWUDWHPRUH DQGPRUH
LQVLGHWKHKROHRUFUDFN,QRUGHUWRNHHSHOHFWULFQHXWUDOLW\RIWKHVROXWLRQLQVLGHWKHKROHRUFUDFNWKHFKORULGHLRQV
RXWVLGH WKHFUDFNHQWHU LQWR WKHFUDFNFRQWLQXRXVO\=XR<LQJ\LQDQG -LQ=KLTLDQJRQFHXVHGRFFOXGHGEDWWHU\ WR










FRUURGH HYHQ WKH FKORULGH FRQFHQWUDWLRQ LV SSPZKLOHZKHQ WKH WHPSHUDWXUH LV   WKH VWDLQOHVV VWHHO FDQć




FUDFNLQJ,Q WKHVWUHVVFRUURVLRQV\VWHPWKHVRXUFHVRI WKHVWUHVVHVDUHPDLQO\IURPH[WHUQDO ORDGVUHVLGXDOVWUHVV
H[LWHGLQWKHPHFKDQLFDOPDQXIDFWXUHSURFHVVWKHUPRVWUHVVFDXVHGE\WHPSHUDWXUHGLIIHUHQFHDQGH[WHQVLRQDOVWUHVV
FDXVHGE\FRUURVLRQSURGXFW¶VZHGJLQJHIIHFW6WUHVVHVZLOOGHVWUR\WKHGHDFWLYDWLRQILOPVSHHGXSWKHGLVVROXWLRQRI







7KH FKORULGH LRQ VWUHVV FRUURVLRQ LV QRW WDNHQ LQWR FRQVLGHUDWLRQZKHQ WKH VWRUDJH FRQWDLQHUPDWHULDO WREH
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VXUIDFHOD\HUZDWHULQWKHVWRUDJHFRQWDLQHUZKHQWKHZDWHUIORZUDWHLVVORZHQRXJK$FFRUGLQJWKHOHDNLQJSRVLWLRQ
RIWKHVWRUDJHFRQWDLQHUWKHZDWHUTXDOLW\VDPSOLQJSRLQWDQGSROOXWLRQRXWIDOOSRLQWVKRXOGEHVHOHFWHGDWPP
XQGHU WKH QRUPDO ZDWHU OHYHO LQ WKH VWRUDJH FRQWDLQHU 7KH SROOXWHG ZDWHU GLVFKDUJLQJ UDWH FDQ EH GHWHUPLQHG
DFFRUGLQJWRWKHZDWHUTXDOLW\PHDVXUHPHQWUHVXOWVRIWKHVWRUDJHFRQWDLQHU
7KHVWRUDJH WDQNVKRXOGEH LQVSHFWHGUHJXODUO\ LQVWULFWDFFRUGDQFHZLWK6XSHUYLVLRQ5HJXODWLRQRQ6DIHW\
7HFKQRORJ\IRU6WDWLRQDU\3UHVVXUH9HVVHO!)RUWKHSDUWVSURQHWRVWUHVVFRUURVLRQFUDFNLQJYDULRXVFUDFNGHWHFWLRQ
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